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(21) Application No. 30681/75 (22) Fflod 22 July 1975 

(31) Cottveation AppBcation No. 491 075 

(32) Filed 23 Jnly 1974 

(31) Cottveation Application No. 583 481 

(32) Filed 9 June 1975 in 

(33) United States of America (US) 
(44) Complete Spedfication published 22 Feb. 1978 

(51) INTCL»C09Cl/50 

(52) JnAex at acceptance 

CIA JU201J243 1244 1246 J290 1300 1302160516131614 
J685J686 

(72) TbB inventors of this iimntioa in fbA sense of being tiio actual 
devisezs thereof inthin the meaning of Section 16 of 
the Patents Act, 1949, are KEXTE U HALB of 5742 
Ruther^Lenn, Houston, Te^tas; WILLIAM B* CRtlUU 

Jr., Of 225 Chelsea, Dumas, Texas; NOXMAN R 
EHOGINS of 406 Briar HIU Drive, Houston* Texas, 
and DON T. NOKMAN of 1418 Alice Lane, Su^hur, 
Louisiana; all of the United States of America and aE 
dtisens of die U.S 

(54) CAEBON BLACK 

(71) We, CONTINENTAL CARBON COMPANY, a Corporation 
organised under the Laws of the State of Delawnre, United States of America, of 
Houston, Texas, United States of America, do hereby declare the mvention. for 
which we pray that a patent may be granted to us, and the method by which it is to 
5 be performed, to be particularly described in and by the Mowing atatement^— 

This invention relates to a new family of mbbeiwreinforclng high^-structure 
carbon blacks having a novel combination of properties which, when used to 

manuffljcture tire tread rubber compouods, affords high treadwear resistance even 

at relatively high oil loadings. 
10 A dfscussiDn of the various types and grades of carbon black is presented in 

"Analysis of Carbon Black,** Efuyci€pedia <2f Jn^utrial OwnUad Analysis (1969) 

Vol. 8, pp. 179—243, Table 4 on pp. 19^199 lists some of the properties of 

various types and grades. 

Since the publication of ttds reference, various new IIAF blacks have been 
15 developed whh the followmg typical analytical properties: 



10 



15 





Grade 
(ASTM No.) 


Grade 

(Common) 


Surface 
Ajca» 




DBF 


24M4^ 






N— 339 


HAF-HS 


•90 


lit 


122 


103 






N— 347 


HAF— HS 


90 


105 


122 


too 




20 


N— 358 


. HAP— VHS 


90 


98 


150 


115 


20 



1. Iodine No, per ASTM Test Method D— 1510— 70, the common industry 
sUndard test method used to classify carbon black by grade (SAP. ISAF, IISAF, 
HAP, etc.). Generally, the higher the iodine number, die smaller the particle size 

25 and the greater the surface area. ^ , . w t. u ^ 

2. Tint (tinting streugth) is another indicahon of i)articlc size which has 
become important in evaluation of carbon black- Hi^h tint indicates small particle- 
sizt and has been associated with high rubber remforcing properties. The test 
method is ASTM D— 3265— 73, and the reference black is IRB #3. For purposes of 

30 this invention, we use the Densichron light reflectance instrument and read paste 30 
tint through die dide on which the sample is spread. 
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^. Dibutyl phthalate absorption per ASTM Test Method I>-2414-72. Ulis is 
a measure or structure dlscus^d on pp. 187—191 of the above reference. 

4. 24M4 is the designation of a relativdy new method, now well known in the 
art as ASTM 2414 (tentative)^ of subjecting a carbon black sample to repeated 
5 comprossiotts prior lo dctenrnntRg the DBP absorption. The 24M4 value IS 5 
Indtcative of the permanent or persistent (as contrasted with transient) structure of 
the carbon black and Ls therefore a more meaningful indication of structure. A 
suitable press and method are disclosed in U.S. patent 3,548,454, the method being 
described specifically in column 4, line 27--column 5. line 2. 

10 A need has existed for a carbon black with a higher structure than N— 339 but 10 

with equivalent performance (particularly treadwear resistance) properties when 
compounded with higher oil loading. The capability to add additional oil is 
particulariy beneficid because this reduces the overall cost of the rubber 
compound duo lo the relatively low cost of the oil as compared with the other 

15 compound ingredients. This need presented a problem because, for a given grade 15 
of black, a significant increase in structure could not be obtained without 
sacrificing treadwear resistance. Also, the addition of oil has been associated with 
a decrease in treadwear resistance. U is the object of this invention to provide such 
an Improved HAF— VHS black (one grade of which is hereinafter identified as 

20 X— 1303) (VHS means "very high structure*'. It is a further object of this invention 20 
to provide a famib^ of blacks (including X— 1303) having cortesponding 
combinations of properties. 

N~358 (a vez7 high structure HAF) does not satisfy such need because it does 
not have the high treadwear resistance of N^33!>, undoubtedly because it does not 

25 have the high tint and high 24M4 of the present blacks. 25 
Without limiting ourselves, we offer the following explanation for our 
invention. 

As indicated above* iodine adsorption number is often taken as an indicator of 
the specific surface area of the ultimate carbon black particles. The 24M4 DBP 
^0 absorption is often taken as an indicator of carbon biaek structure^ i.e.» the amount 20 
of aggreaadon of the ultimate particles. These two tests are thus related to the $i2:e 
of the ultimate cad)on black particles and to the size of the patticle aggregates. 

The size of all particles and aggregates are not uniform within a grade of 
carbon black but are distributed over a range of sites, the distribution of sizes for 
3S a sample of carbon black is typically skewed to the right similar to a log-normal 35 
distribution so the modal size j[peak of curve) is usually less than the arithmetic 
mean size. For example see Figures 3—5, pp, 184— -185 of "Analysis of Carbon 
Black," Encj^opedia of Industrial Chemical Analym\ 

The low reinforcing grades of fUmacc black ate characteristically skewed far 
40 to the right rcsuhing in a low spcci^c particle surface area. The more reinforcing 40 
grades of carbon black f^proach more and more toward a symmetrica! 
distribution resulting in an increasing specific particle surface area. The arithmetic 
mean diameter approaches more and more the modal diameter. 

This sitggests that for a given specific particle surface area (or iodine numt>er), 
45 the more symmetrical and narrow the particle size distribution, the more the 45 
specific projected cross-^ctionaJ area (hiding power or tinting strength)* Further, 
the more symmetrical and narrow the aggregate size distribution, the more the 
specific aggregate surface area (24M4 DBP absorption). 

The advantage of higher tinting strength and higher 24M4 DBP of carbon 
SO black at a given Iodine No. level is higher reinforcing, better processabiliiy and 50 
higher oil and black loadings in a rubber compound. 

Our invention is a new family of oil iurxuice carbon black, having iodino 
numbers (Ij (as hereinbefore defined) within the range of 60—150, and having the 
following relationships between iodine number, tbt (as hereinbefore defined) and 
55 . persistent structure (24M4) (as hereinbefore dcfmea):— 55 

l25.1-(expll4,83274-O.033969aj)1^24M4sl40.6-4expI[4.94743-0.03054(r,)l 
and 

n2.8-texplM.72S52^.O26274(Ii)I<Tmtsl22.2-lexpll4.8047l-^.026l23(U 

.Mo one of these properties is novel per se^ but we believe that the above 
60 combination of properties is novel and unobvious. ^ 
Referring to the accompanying drawings. 
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Figure 1 is a drawing shoiving ifiopleths of carbon black and oil loadings for 
various Treadwcar Index levels within a defined range of rubber hardness values, 
for a prior art black. . ui i 

Figure 2 is a drawing of smular isopleths for one of the caibon blacks or tnis 

mvennon^ 3 is a graph iltotrating the mathematical formulae deacribing the 
properties of the present family of caibon blacks. , . , ^ 

As is well known in the art» the properties of carbon black depend upon 
reactor (fUmace) design and the operatinn conditions employed, assuming that the 
feedstock is a convenrional carbon blacK oil of satisfactory quality. 

A reactor design wMch we have found to be satisfactory for manufacture of 
oar blacks has the configuration of the converging section-to-throat-to diverging 
section reactor described in U.S. patents 3»256.066 and 3,741,165, particularly 
Figure 2 of 3,256,066 and Figures 1 and 2 of 3,741,165, with a throat diameter of 
5—7 inches. 

Suitable operating conditions for the manufacture of our X — 1303 carbon 
black are: 



10 



15 



25 



30 



35 



40 



Air Rate» SCFH 

Air Preheat Temp.»^F. 

Feedstock OU Rate, OPH(P5lL 

Air/Fuel Gas Ratio 

Distance, Feedstock Nozzle to Throat 

Oistancet Quench to Throat 

Distance^ Feedstock Nozzle to Quench 

Reactor Pressure Drop Across Throat 

Reaction Temp., **F. 

Reaction Time (Milliseconds) 



130,000-200,000 
500-700 
190-260 
iyi_17/l 

30-60* 

8-^12' 
1.0-8.0 psig 
3,000—3,300 
ft— 50 



The feedstock can be any carbon black oil of conunercial Quality* Such 
oils are well icnown in the carbon black industry and typically have the 
following specifications: 



API Gravity 


+ 2.0 


Viscosity SFS@122'F. 


40.1 


BS&W.% 


0.22 


Ash,% 


0.01 


Asphaltene6,% 


4.31 


Carbon»% 


90.67 


frydrogen,% 


8.12 


Sulfur, '.J 


0.54 


BMCJ 


109.5 



EXAMPLES. 

A number of pilot plant runs were made utilizing the reactor dascribod above, 
the operating conditions described above and in TABLE I, and a feedstock 
comparable to that described above. Analyticalpropetties of representative blacks . 
of the present invention are siiown in TABLE II oelow. 
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3, Tre&dwear redpc aad grocedurc art descnbed in TABLE in and description 
below. 

TABLE UI 

The standard treadwear recipe for the trcadwear tests i5 aa follows: 

bgredienU * Parts by Weigh t 

SBR— 1500 (rubber) 50.00 
SBR— 1710 (rubber + oU) 34.40 
Ameripol CB— 441 (rubber * oil) 34.40 
"Flewme*'*3C 1.50 
••Wn^y"* 100 0.50 
Zittc Oxide 3.00 
Stearic Acid i-50 
*'Nobs"* Special L25 
MBTS 0.10 
DPG 0.50 
Carbon Black Variable (Base Case 65.00) 
Petioflux LY(oil) Variable (Base Case 12.50) 



♦ registered Trade Marks. 

Note: All of these ingredients are welt known in the art and are described in 
"Materials and Compounding Ingredients for Rubber" Rubber World, Bill 5 
Communication. IdcTTnX 1^10 Edltipn. 

It will be noted that the amount of carbon black and the amount Ot Petroflux 
LV (a commonly used extender oil) are variable. Rubber compounders desire 
flexibility in compounding so that for a given desired hardness and Treadwear 
Index, they can use a greater amount of caibon black and/or oH loading. In the 10 
above standard treadwear recipe, tbe SBR 1710 and Ameripol CB— 441 each 
contain 37.5 parts of oil per ] 00 parts of rubber, so that the Base Ca$e formulation 
(65 parts carbon black and 12.50 parts added extender oil Petroflux LV) actually 
contains 31 .25 parts total oil per hundred parts of rubber. In the following tables of 
,t data, therefore, the parts oil means the total oil; in otherwords* a treadwear recipe i$ 
which contained 46^5 parts oy had 15 parts of Petroflux LV in addition to the Base 
Case amount of 12.50 parts of oil. 

For the treadwear tests, rubber con^unds were prepared from these 
ingredients using a Banbury mixer and accepted mixing jH-ocedures aod practices. 
9n Carefully prepared batches were pressed into separate sections. Multiple sections 20 
^ wei^ applied to buffed tire carcasses, retreaded and cured for sixty minutes at 
302^F (ISO'^Q. The control black was an ISAF— HM (N— 220} black having an 
iodine number of 1 16—120, a Dcnsichfon Tint (v. IRB 3) of 110—112, a DBP of 
115—117, and a 24M4 of 97— lOK The tires were placed on automobiles and 
25 driven under carefkilly controlled untform test conoitions for 7200 miles* 1 he ^ 
change in tread ^oove depth was measured and compared to the original depth to 
get a tread lossTbr each compound. The sampJe3 were compared to the control 
black arbitrarily assigned a Treadwear Index value of 100. 

Another series of pilot plant and plant runs conducted as above resuHea in 
no production of blacks as shown in TAB LE IV. Again it will be found that the given 
valueis for iodine number, tint and persistent structure (24M4) sati^ the 
relationships given above. ^ , . ^ 

The values quoted for Runs PCX125 ore those for two separately mixed 
batches of rubber/black comjwsitions and, as is well known, no two sepai^ate 
35 batches will give exactly identical results in rubber tests. 
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TABLE VIII (Cofttimied) 

IS13C 
(ISAF— VHS) 



16 



PCX144A 
(T— VHS) 



^ yrM Synthetic Rubber Recipe D— 3191 



TetDsHe Strength 


50 


-60 


-490 


Ultimate Elongation 


SO 


-80 


-120 


Modulus® 300% 


35 


-•■380 


+850 


Modulus @30(y4 


SO 


•^620 


+800 


Mooney, ML 1+4 @ 212'*R 
ACTM D 1646 11 




• +29 


+20 






• -113 


-13.1 


%ofIRB#4 




76.7 


73.5 


Treadwear Recipe 


Min. 






PWU Black 




<5 


65 


Piute cm 




4625 


41J5 


Tensile Strength 


30 


2620 


2890 


Ultimate Ekmeation 


30 


560 


480 


Modulus® 300% 


30 


1360 


1310 


Hardness, Sliore A 




55 


58 


Mooney. ML 1+4 @ 212op. 




51 


49 


GH Rebound, % 


40 


41.2 


48.5 


Hiestone HBU, "F. (Control: sample) 


40 


275 


265:258 


Extrusion, Wt. gin^ia 




40 


35.1 


Extrusion, Diam^ Inches 




.266 


.250 


Tread Hardness 




62 


62 


Treadwear Index 




99 


92 



Note: The control was the same as the control of TABLE V, 



10 



The above data (TABLES vn and VIII) show that we have developed a new 
ISAF— VHS black which, when compounded with 14 additional parts of oil (46.25 
parts total oil compared with 31*25 in our standaid treadwear recipe), resulted in a 
Trcadwear Index of 99. This compares favorably with the Treadwear Index of 100 
with our control black at standard oil loading. This resuks from the combinauon of 
higher 24M4 and high tint. ... ^ ^ t ^ 

The above data (TABLES VII and VUI) also show that we have devcloucd a 
now T— VHS black which, when compounded with 10 additional parts of oil (41.25 
total oil compared with 31.25 in our standard treadwear recipe), resulted in a 
Treadwear Index of 92. This compares favorably with a Treadwear Index of about 
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86—89 (at standazd oil loading of 3 1 .25 parts) for the closest prior art black T— HS * * ' 
(NU-3S1). Agaiiu this resulu from a higher 24M4 pombined ^th a high tint as 
shown by the following ^ical values: 

lint Treadwear Index (10 
3 24M4 v.IRB#3 Additional Parts CKl) 5 

T— H8(N— 351) 98 103 87 

OurnewT--.VEIS 115 95 92 

WHAT WE CLAIM IS;— 

1. A family of grades of oil funmcc carbon blacky having iodine numbers (la) 

JO (as hereinbefore defined) within the range of 60—150, and having the following 10 
relationships between iodine number, tint (as hereinbefore defined), and persistent 
structure piM4) (as hereinbefore definea): 

125.l-4explt4.83174--0.033969aa)l£24M4£l40.Mexp][4^4743-<).03054^ 
and 

15 1 l2.8^[expI[4J285W).026274{IJI^lM^ J22^[explI4.80^^ 15 

2. The carbon black of Qaim 1 m which the iodine number falls within the 
range of 84— ^3, 

3. The carbon black of Qaim 1 m which the iodine number falls within the 
range of 110— 125. 

20 4« The carbon black of Claim I in which the iodine number falls within the 20 

range of 65—75. 

5. An oil furnace carbon black in accordance with Claim 1 substantially as 
hereinbefore described with reference to any one of the foregoing Tables IJ, IV 
and vn. 

25 6. A method of making an cdl furnace carbon black in accordance with Gaim 25 

1 substantially as hereinbefore described. 

TRBOBAR, THIBMANN ft BLEACH, 
Chartered Patent Agents^ 
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Portspwuth POl 2 AN, 
and 
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